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1 

Description 

A Method of Forming a Silicon Dioxide Layer 

5 The present invention refers to a method of forming a silicon 
dioxide layer by thermally oxidizing at least one silicon 
surface region on a semiconductor substrate, said silicon 
surface region having a curved surface. 

10 A silicon dioxide layer which is commonly used as an isolat- 
ing or passivating layer can be generated on a silicon sur- 
face for example by thermal oxidation. Thermal oxides are 
grown when a silicon layer is held at a temperature between 
700°C and 1200°C in an oxidizing atmosphere. In particular, 

15 thick field oxide layers which are used for integrated MOS 
circuits can be produced by the LOCOS (Local Oxidation of 
Silicon) process wherein the portions on which the silicon 
dioxide layer is not to be grown are covered by a masking 
layer such as made of silicon nitride. 

20 

The growth rate of thermal oxides usually depends on one side 
on the crystal orientation of the underlying silicon layer. 
On the other side, if thermal oxides are to be grown on 
curved surfaces, the growth rate also depends on the direc- 

25 tion and the amount of the curvature. Since during thermal 
oxidation the volume of the former silicon layer increases 
. due to the interstitially embedded oxygen atoms, stress which 
is dependent on the specific curvature is induced which in 
turn will result in an inhomogenous growth of the silicon di- 

30 oxide layer thickness. 

As a consequence, only inhomogenous layer thicknesses are 
achieved on curved silicon surfaces. 

35 In the past, this problem has been dealt with by thermally 

oxidizing only non-curved or equally curved silicon surfaces. 
Alternatively, the thickness of the grown silicon dioxide 
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layer has been chosen so that even the thinnest area has the 
desired thickness. In addition, in the manufacture of devices 
demanding for homogenous oxide layer thicknesses, the silicon 
dioxide layer has been produced on curved silicon surfaces by 
5 a deposition method in which the growth rate does not depend 
on the curvature . 

One example wherein it would be highly desirable to thermally 
grow a homogenous silicon dioxide layer on a curved silicon 
10 surface refers to the formation of the collar region in the 

upper part of the trench of a DRAM (Dynamic Random Acess Mem- 
ory) cell . 

Such a memory cell comprises an access transistor as well as 
15 a storage capacitor for storing a charge representing a data 
in the form of eigher a logical 11 1" or a logical "0", When 
the data is read from the memory cell, sense amplifiers de- 
tect the level of the charge stored on a particular capacitor 
so as to produce a logical "1" or a logical "0" output based 
20 on the stored charge. 

The capacitor can for example be formed in a trench in the 
semiconductor substrate. The trench is filled with a dielec- 
tric and with polysilicon acting as the top electrode of the 

25 capacitor. In order to suppress the formation of a parasitic 
transistor in the upper part of the capacitor trench, it is 
necessary to provide an isolation collar, for example of 
silicon dioxide in the upper trench portion. This isolation 
collar has a length of approximately 1 fxm and a thickness 

3 0 sufficient, that is approximately 2 5 nm, so as to suppress 
the transistor action. Since the trench usually assumes an 
oval cross section, the silicon surface is curved, which 
makes a uniform thermal oxide growth according to conven- 
tional methods impossible. 

35 

It is therefore an object of the present invention to provide 
a method of forming a thermally grown silicon dioxide layer 
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on curved surfaces by which a homogenous layer thickness can 
be achieved. 

According to the present invention, the above object is 
5 achieved by a method of forming a silicon dioxide layer com- 
prising the steps of 

- providing a semiconductor substrate having at least one 
silicon surface region having a curved surface, 

- roughening the surface of said at least one silicon surface 
10 region so as to produce a layer of porous silicon, and 

- thermally oxidizing said at least one roughened curved 
silicon surface region. 

Moreover, the present invention provides a method of produc- 
15 ing an isolation collar of a storage trench capacitor forming 
part of a memory cell comprising the steps of 

- providing a semiconductor substrate having a trench with a 
curved inner surface of silicon, said trench extending verti- 
cally with respect to the substrate surface, 

2 0 - covering the surface regions which are not to be oxidized 
with a silicon nitride layer, 

- roughening the surface of said curved silicon surface re- 
gion so as to produce a layer of porous silicon, and 

- thermally oxidizing said roughened curved silicon surface 
2 5 region. 

As the inventors of the present invention found out, silicon 
dioxide can be homogenously grown on curved silicon surfaces 
if the silicon surface is roughened before the thermal oxida- 
30 tion process. In particular, a roughening process producing 
pores having a structural size of less than 2 0 nm has 
achieved excellent results. 

This can be explained on the basis of two different theories. 

35 

On one side, as has been mentioned above, the growth rate de- 
pends on the crystal orientation of the underlying silicon 
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layer. By roughening the silicon layer, on an average the 
crystal orientations are made isotropical and, as a conse- 
quence, a homogenous growth rate is achieved. 

5 Alternatively, it can be thought that the stress inside the 
silicon and silicon dioxide layers depends on the curvature. 
When silicon dioxide is thermally grown, oxygen atoms from 
the surrounding atmosphere have to diffuse across the super- 
ficial silicon dioxide layer. The diffusion constant depends 

10 on the stress inside the silicon dioxide layer. By roughening 
the curved silicon surface, silicon atoms are removed and 
pores are created. These pores reduce or make uniform the 
stress prevailing inside the silicon layer and, thus, make 
uniform the silicon dioxide growth rate. As a consequence, 

15 silicon dioxide can thermally be grown with a homogenous 
growth rate even on curved surfaces. 

The invention is applicable to surfaces of monocrystalline 
silicon and to surfaces of polycrystalline silicon as well. 

20 

According to the present invention, it is preferred that the 
size of the pores produced by the roughening step does not 
exceed 20 nm, more preferably 10 nm. If the size of the pores 
is too large, the thermal oxide layer will become too insta- 

25 ble. On the other hand, if the size of the pores becomes too 
small, in particular, substantially lower than 1 nm, the ef- 
fect of the present invention will become too weak and the 
roughening will be unsuf f icient . It is assumed that at a po- 
rosity of 50 % even a pore size of 1 nm and slightly smaller 

30 will provide satisfactory results. 

According to the present invention, the creation of micro- 
pores having a defined size of less than 5 nm is especially 
preferred since it has been observed that in this case addi- 
35 tionally the dielectric constant of the grown silicon dioxide 
layer is lowered. Moreover, if a microporous silicon surface 
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region is produced, the effect of the crystal direction on 
the growth rate additionally becomes negligible. 

In particular, the required homogenity can be achieved if the 
5 partition walls between neighbouring pore structures can ho- 
mogenously be oxidized. Since in the case of a microporous 
silicon surface region the partition walls only have a thick- 
ness of 2 to 5 nm, this can easily be accomplished. 

10 The roughening step can be accomplished by electrochemically 
or by electroless etching. 

For example, generally known liquid mixtures can be used for 
electrochemically etching such as a bath of a 6% aqueous sd-~ 
15 lution of hydrofluoric acid, or a mixture of a 49% aqueousr 
hydrofluoric acid and pure ethyl alcohol at a ratio of 0,75 : 
0,25. In this case, an anodic etching process as generally 
known in the art is performed. 

20 Alternatively, it is preferred to electroless etch the sili- 
con surface, for example in a solution containing phosphoric 
acid, or a so-called stain-etch solution, for example having 
a composition of H 2 S0 4 : HF : HN0 3 = 7:1:0.01. 

25 The use of an electroless etching process is particularly ad- 
vantageous since in this case no electrical contact has to be 
made between the silicon surface region and a cathode placed 
in the etching solution. This greatly simplifies the roughen- 
ing step. 

30 

After the roughening step, a thermal oxidation step for ther- 
mally oxidizing the at least one roughened monocrystalline or 
polycrystalline silicon surface is performed in accordance 
with commonly used methods. In particular, the substrate is 
35 held at a temperature between 700°C and 1200°C in an oxidiz- 
ing atmosphere, for example pure oxygen or water. According 
to the present invention, it is preferred that the oxidation 
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step is performed so that not only the roughened portion is 
oxidized but that the oxidized portion extends to a depth 
which is slightly greater than the formerly roughened depth. 
As a consequence, sharp boundaries between silicon and sili- 
5 con dioxide are created. The oxidation time depends on the 
size of the pores as well as on the thickness of the parti- 
tion walls between neighbouring pores. 

The method of the present invention can advantageously be ap- 
10 plied for locally oxidizing a curved silicon surface accord- 
ing to the LOCOS process as mentioned above. In this case, 
the portions on which no silicon dioxide layer is to be 
formed are covered by a masking material such as silicon ni- 
tride. The portions on which the silicon dioxide layer is to 
15 be formed remain exposed so as to enable the reaction between 
the silicon and the oxygen in the oxidizing atmosphere. When 
covering the selected portions with a masking layer, special 
care has to be take so as to ensure that the masking material 
will not be affected by the etching solution for roughening 
20 the surface. In particular, if silicon nitride is used as the 
masking material, the etching solution must not contain phos- 
phoric acid. 

In summary, the present invention provides the following ad- 
2 5 vantages: 

- By the present invention, it becomes possible to thermally 
oxidize curved silicon surfaces so that a homogenous oxide 
thickness is achieved. Accordingly, thermal oxidation and, in 

30 particular, the LOCOS process can be applied for oxidizing 

curved surfaces even if a homogenous layer thickness is nec- 
essary. 

- As a consequence, the advantages of the thermal oxidation 
35 process with respect to a deposition process can be ex- 
ploited. In particular, thermal oxidation process are cheaper 
and easier to perform. Moreover, since no deposition takes 
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place the diameter of trenches to be provided with a Si0 2 
liner for example will not substantially be reduced. 

- Moreover, if the silicon surface is made microporous in the 
5 roughening step, the growth rate of the silicon dioxide will 
not depend on the crystal orientation, and the resulting 
silicon dioxide layer will have a smaller dielectric constant 
than the conventional . 

10 In the following, the present invention will be explained in 
detail with reference to the accompanying drawings. Although 
the formation of the collar region of a DRAM cell is de- 
scribed, it is clearly to be understood that the invention 
can as well be used for thermally growing oxides which are ; 

15 used in any field of application, for example including anr 
isolator in wafer bonding or for forming contact holes. 

illustrate the steps for forming a collar 
in a memory cell according to a first em- 
bodiment of the present invention; 

schematically illustrates a cross sec- 
tional view of the completed memory cell 
according to the first and second embodi- 
ment of the present invention; 

illustrates the layout of a memory cell 
array; and 

illustrate the steps for forming a collar 
in a memory cell according to a second 
embodiment of the present invention. 



Figures 1 to 5 

20 

Figure 6 

25 

Figure 7 

30 

Figures 8 to 11 



35 

In Figure 1, reference numeral 1 denotes a monocrystalline 
silicon substrate having a main surface 2 . An SiQ 2 layer 3 
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having a thickness of 5 nm and an Si 3 N 4 4 layer having a 
thickness of 200 nm are coated onto the main surface 2. A bo- 
ron silicate glass layer or a silicon oxide layer 41 having a 
thickness of 1000 nm is applied as a hard mask material. 

5 

Using a photolithographically generated mask (not shown) , the 
boron silicate glass mask layer or silicon oxide mask layer 
41, the Si 3 N 4 layer 4 and the Si0 2 layer 3 are patterned by a 
plasma etching process using CF 4 /CH 3 F so as to form a hard 

10 mask. After removal of the photolithographically generated 
mask trenches 5 having a depth of approximately 15 0 nm are 
etched into the main surface 2 by a further plasma etching 
process with HBr/NF 3 using the hard mask as an etching mask. 
The etching depth is controlled by setting an appropriate 

15 etching time. 

The trenches have for example a width of 100 x 250 nm and a 
distance of 100 nm from each other. 

20 In a next step, a silicon nitride layer 12 having a thickness 
of 2 0 nm for protecting the buried strap portion is deposited 
by a chemical vapour deposition process in the trenches. By 
anisotropically plasma etching using for example CHF 3 , the 
bottom portion of the silicon nitride layer as well as the 

25 portion on top of the hard mask is removed. 

In the following step, the trenches are further etched by a 
plasma etching process with HBr/NF 3 using the hard mask as an 
etching mask so that an additional depth of 1 /zm correspond- 
30 ing to the length of the isolation collar portion is 
achieved. 

Then, the process of the present invention for producing the 
isolation collar 9 will be performed. The isolation collar is 
35 provided for suppressing the parasitic transistor which oth- 
erwise would be formed in the upper trench region of a trench 
capacitor. 
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Accordingly, the step of roughening the surface of the ex- 
posed silicon portion is performed by etching in a stain 
etch, for example of H 2 SQ 4 : HF : HN0 3 = 7:1:0.01, for a time suf- 
5 ficient so as to generate micropores extending in a depth of 
approximately 2 0 nm in the surface area. 

Thereafter, a thermal oxidation step is performed. To this 
end, the wafer is placed in an oxidation furnace at 1050 °C in 

10 an atmosphere of for example pure oxygen or water so as to 
form a silicon dioxide layer having a thickness of 2 5 nm. 
More specifically, the porous surface portion is completely 
oxidized- and, in addition, further 5 nm of the non-porous 
monocrystalline silicon material beneath the porous surface- 

15 portion are oxidized. The process parameters are chosen ir/ ' 
accordance with those usually employed. Since the upper part 
of the trench is covered by the silicon nitride layer, the 
silicon oxide will only be produced in the bottom part of the 
trench, (see Figure 2) 

20 

According to the present invention, the trenches having an r 
oval diameter are covered by a uniform silicon dioxide layer 
having a homogenous thickness which is due to the roughening 
step performed. 

25 

Thereafter, the Si0 2 layer on the bottom portion of the 
trenches is removed by anisotropically etching using C 4 F 8 as 
an etching gas. Optionally, a silicon nitride liner is depos- 
ited for protecting the collar region during the following 
3 0 process steps. 

Then, the trenches are further etched by plasma etching proc- 
ess with HBr/NF 3 using the hard mask as an etching mask until 
the final depth of 5 /zm is achieved, (see Figure 3) 

35 

Thereafter, the commonly used process for forming a DRAM cell 
is performed. 
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To this end, first, the bottom electrode 6, the capacitor di- 
electric 7 and the top electrode 8 of the storage capacitor 
are formed. The bottom electrode 6 can for example be imple- 
5 mented as a highly doped region or as a metallic electrode as 
is generally known in the art. As the capacitor dielectric 7, 
a layer having a thickness of approximately 5 nm comprising 
Si0 2 and Si 3 N 4 as well as optionally silicon oxynitride can be 
used. However, other known materials such as Al 2 0 3 , Ti0 2 or 
10 Ta 2 0s or a mixture of these can as well be used. The upper 
electrode 8 can for example be formed by depositing a poly- 
silicon layer 10 which is doped in situ having a thickness 
2 00 nm. (see Figure 4) 

15 Thereafter, the top electrode will be patterned in a suitable 
manner and it will be connected with the source/drain por- 
tions of an access transistor. 

For example, this can be accomplished by etching the poly- 
20 silicon trench fill 10 up to approximately 200 nm beneath the 
main surface 2 . Then, the dielectric layer 7 is removed from 
the surface of the silicon nitride layer 12 protecting the 
trench wall, for example by a deglassing step which is per- 
formed by shortly dipping the substrate into a hydrofluoric 
25 acid thus removing silicon oxynitride. Then, the silicon ni- 
tride layer 12 is removed, for example, by etching in hot 
phosphoric acid. As a consequence, the upper portion of the 
trench wall is exposed for forming a buried strap, (see Fig- 
ure 5) 

30 

After a sacrifical oxidation for forming a scattering oxide 
(not shown) , an implantation step will be performed so as to 
create a n + -doped region 14 in the side wall of each trench 5 
in the main surface 2 portion. 

35 

As is shown in Figure 6, the space above the poly silicon 
fill 10 in each of the trenches 5 will be filled by deposit- 
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ing in situ doped polysilicon and etching back the polysili- 
con with SF 6 so as to form a polysilicon fill 11. The poly- 
silicon fill 11 acts as a buried strap connecting the top ca- 
pacitor electrode 8 and the n + -doped region 14. 

5 

In a following step, isolation portions 13 for providing 
shallow trench isolation surrounding and defining the active 
areas are formed. To this end, a mask which defines the ac-. 
tive areas is formed. By non-selectively plasma etching of 

10 silicon, silicon dioxide and polysilicon using CHF 3 /N 2 /NF 3 

with an etching time which is adjusted so as to etch 200 nm 
polysilicon, by removing the photoresist mask used therefor 
with O2/N2, by wet chemical etching of 3 nm dielectric layer, 
by oxidation and depositing a Si 3 N 4 layer having a thickness 

15 of 5 nm and by depositing a Si0 2 layer having a thickness :of i 
250 nm by a TEOS process and subsequent chemical mechanical J r 
polishing, the isolation portions 8 are finished. The Si 3 N 4 : 
layer 4 will be removed by etching in hot phosphoric acid and 
the Si0 2 layer 3 will be removed by etching in diluted hydro- > 

2 0 fluoric acid. - / 

Next, by performing a sacrifical oxidation a scattering oxide 
will be formed. Photolithographically generated masks and im- 
plantations will be used for forming n-doped wells, p- doped 

2 5 wells and for performing implantations for setting the 

threshold voltages in the peripheral portion and the -access 
transistors of the cell array. Moreover, an implantation with 
high energetic ions will be performed for doping the sub- 
strate portion which is remote from the main surface 2 . 

30 Thereafter, a n+-doped region will be formed by a so-called 
buried-well implant for connecting neighbouring bottom elec- 
trodes 6 with each other. 

In the following, the transistor will be completed by defin- 
35 ing the gate oxide as well as the gate electrode 16, corre- 
sponding wirings and the source and drain electrode 15, re- 
spectively, using commonly used process steps. 
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Thereafter, the memory cell array will be finished by forming 
further totalization layers as is generally known in the art. 

5 Figure 7 shows the layout of an exemplary memory cell array 
implementing a so-called 8-F 2 -cell architecture comprising a 
storage trench capacitor and a planar transistor for each of 
the memory cells. For each of the memory cells an area of 8F 2 
is needed, wherein F denotes the smallest structural length 

10 which can be produced in the technology employed. The bitli- 
nes BL are implemented as stripes and are extending parallel 
to each other, wherein the width as well as the distance be- 
tween each of the bitlines amount to F, respectively. The 
word lines WL each having a width as well as a distance to 

15 each other of F, respectively, are arranged perpendicularly 
to the bitlines BL. 

The active areas A of each of the memory cells are arranged 
beneath the bit lines BL, and two wordlines WL are crossing 

20 each other above each of the active areas A. The active areas 
A are arranged at staggered positions to each other beneath 
neighbouring bit lines BL. The trenches 5 having an oval di- 
ameter are disposed beneath the word lines WL. A gate elec- 
trode 16 of the corresponding transistor is disposed at the 

25 crossing points between one of the bit lines BL and one of 
the wordlines WL within the active areas A. 

The active areas A extend between two trenches 5. Each of the 
active areas A comprises two transistors, which are connected 
3 0 with the corresponding bitline BL via a common bitline con- 
tact BLK. In dependence from the actuated wordline WL, the 
corresponding storage capacitor which is disposed in one of 
the two trenches 5, is read out. 

3 5 It is to be understood that the advantages of the invention 

are achieved with monocrystalline silicon surfaces as well as 
with polycrystalline silicon surfaces. 
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According to a second embodiment of the present invention, as 
is shown in Figure 8, the deep trenches 5 are completely 
etched before performing the process of the present inven- 
5 tion. A monocrystalline silicon substrate having a main sur- 
face 2 is coated with an Si0 2 layer 3 having a thickness of 5 
nm and an Si 3 N 4 4 layer having a thickness of 200 nm. A boron 
silicate glass layer (not shown) having a thickness of 1000 
nm is applied as a hard mask material. 

10 

Using a photolithographically generated mask (not shown) , the 
boron silicate glass layer, the Si 3 N 4 layer 4 and the Si0 2 
layer 3 are patterned by a plasma etching process using 
CF4/CH3F so as to form a hard mask. After removal of the pho- 
15 tolithographically generated mask the trenches 5 are etched 
into the main surface 2 by a further plasma etching process 
with HBr/NF 3 using the hard mask as an etching mask. 

The trenches 5, for example, have a depth of 5 jum, a width .of 
20 100 x 250 nm and a distance from each other of 100 nm. (see. 
Figure 8) 

Then, the bottom electrode 6, the capacitor dielectric 7 and 
the top electrode 8 of the storage capacitor are formed. The 

25 bottom electrode 6 can for example be implemented as a highly 
doped region or as a metallic electrode as is generally known 
in the art. In dependence from the specific implementation of 
the bottom electrode 6, it can be necessary to provide a 
silicon nitride layer for protecting the collar portion of 

30 the trench. In particular, in case the bottom electrode 6 is 
implemented as a highly doped region which is generated by 
diffusion doping using a gaseous source such as AsH 3 , for ex- 
ample, it will be necessary to provide a silicon nitride 
layer as is generally known in the art in the upper trench 

35 portion in order to prevent the collar region from being 
doped . 
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As' the capacitor dielectric 7 , a layer having a thickness of 
approximately 5 nm comprising Si0 2 and Si 3 N 4 as well as op- 
tionally silicon oxynitride can be used. However, other known 
materials such as Al 2 0 3/ Ti0 2 or Ta 2 0 5 or a mixture of these 
5 can as well be used. The upper electrode 8 can for example be 
formed by depositing a polysilicon layer 10 which is doped in 
situ having a thickness 200 nm (see Figure 9) . 

In the next step, the upper electrode material 10 is recessed 
10 for preparing the buried strap contact. To this end, approxi- 
mately 150 nm of the polysilicon layer are etched with SF 6 . 

Then, the dielectric layer 7 is removed from the surface of 
the upper trench wall, for example by a deglassing step which 
15 is performed by shortly dipping the substrate into a hydro- 
fluoric acid thus removing silicon oxynitride. 

Thereafter, a silicon nitride layer 12 having a thickness of 
20 nm for protecting the surface strap portion is deposited 
20 by a chemical vapour deposition process in the trenches. By 

anisotropically plasma etching using CHF 3 , the bottom portion 
of the silicon nitride layer as well as the silicon nitride 
layer on top of the boron silicate glass layer is removed. 

25 Then, the upper capacitor electrode material 15 is further 
recessed by 1 ^m so as to define the collar region. To this 
end, again, an isotropic plasma etching step with SF 6 is per- 
formed . 

3 0 Again, the dielectric layer 7 is removed from the surface of 
the exposed trench wall, for example by a deglassing step 
which is performed by shortly dipping the substrate into a 
hydrofluoric acid thus removing silicon oxynitride (see Fig- 
ure 10) . 

35 

Then, the process of the present invention for producing the 
isolation collar 9 will be performed. The isolation collar is 
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provided for suppressing the parasitic transistor which oth- 
erwise would be formed in the upper trench region of a trench 
capacitor . 

5 Accordingly, the step of roughening the surface of the ex- 
posed silicon portion is performed by etching in a stain 
etch, for example of H 2 S0 4 : HF : HN0 3 = 7:1:0.01, for a time suf- 
ficient so as to generate micropores extending in a depth of 
approximately 2 0 nm in the surface area. 

10 

Thereafter, a thermal oxidation step is performed. To this 
end, the wafer is placed in an oxidation furnace at 1050°C in 
an atmosphere of for example pure oxygen or water so as to 
form a silicon dioxide layer having a thickness of 2 5 nm. 

15 More specifically, the porous surface portion is completely 
oxidized and, in addit ion, further 5 nm of the non-porous 
monocrystalline silicon material beneath the porous surface 
portion are oxidized. The process parameters are chosen in / 
accordance with those usually employed. Since the upper part 

2 0 of the trench has been covered by a silicon nitride layer, 

the oxide layer will only be generated in the lower portion?' 
of the trench. 

According to the present invention, the trenches having an 
25 oval diameter are covered by a uniform silicon dioxide layer 
having a homogenous thickness which is due to the roughening 
step performed. 

Thereafter, the Si0 2 layer on the bottom portion of the 
30 trenches is removed by anisotropically etching using C 4 F 8 as 

an etching gas. Optionally, a silicon nitride liner is depos- 
ited for protecting the collar region during the following 
process steps (see Figure 11) . 

35 Thereafter, the commonly used process for forming a DRAM cell 
is continued by connecting the upper capacitor electrode with 
the source/drain portions of an access transistor. 
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Accordingly, first, the trench portion is filled with poly- 
silicon which is in situ doped. Then, the polysilicon trench 
fill is etched up to approximately 200 nm beneath the main 
5 surface 2. Thereafter, the trench walls are exposed for form- 
ing a buried strap. Accordingly, the protecting layers cover- 
ing the trench wall are removed. In particular, the silicon 
nitride layer 12 is removed, for example, by etching in hot 
phosphoric acid. 

10 

After a sacrifical oxidation for forming a scattering oxide 
(not shown) , an implantation step will be performed so as to 
create a n + -doped region 14 in the side wall of each trench 5 
in the main surface 2 portion. 

15 

As is shown in Figure 6, the space above the poly silicon 
fill in each of the trenches 5 will be filled by depositing 
in situ doped polysilicon and etching back the polysilicon 
with SF 6 so as to form a polysilicon fill 11. The polysilicon 
20 fill 11 acts as a buried strap connecting the top capacitor 
electrode 8 and the n + -doped region 14. 

In a following step, isolation portions 13 for providing 
shallow trench isolation surrounding and defining the active 

25 areas are formed. To this end, a mask which defines the ac- 
tive areas is formed. By non-select ively plasma etching of 
silicon, silicon dioxide and polysilicon using CHF 3 /N 2 /NF 3 
with an etching time which is adjusted so as to etch 200 nm 
polysilicon, by removing the photoresist mask used therefor 

30 with 0 2 /N 2/ by wet chemical etching of 3 nm dielectric layer, 
by oxidation and depositing a Si 3 N 4 layer having a thickness 
of 5 nm and by depositing a Si0 2 layer having a thickness of 
250 nm by a TEOS process and subsequent chemical mechanical 
polishing the isolation portions 13 are finished. The Si 3 N 4 

35 layer 4 will be removed by etching in hot phosphoric acid and 
the Si0 2 layer 3 will be removed by etching in diluted hydro- 
fluoric acid. 
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Next, by performing a sacrifical oxidation a scattering oxide 
will be formed. Photolithographically generated masks and im- 
plantations will be used for forming n-doped wells, p- doped 
5 wells and for performing implantations for setting the 

threshold voltages in the peripheral portion and the access 
transistors of the cell array. Moreover, an implantation with 
high energetic ions will be performed for doping the sub- 
strate portion which is remote from the main surface 2. 
10 Thereafter, a n + -doped region will be formed by a so-called 
buried-well implant for connecting neighbouring bottom elec- 
trodes 6 with each other. 

In the following, the transistor will be completed by defin- 
15 ing the gate oxide as well as the gate electrode 16, corre- 
sponding wirings and the source and drain electrode 15, re- 
spectively, using commonly used process steps. 

Thereafter, the memory cell array will be finished in a com- 
20 monly used manner by forming further metalization layers. 
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Claims 



1. A method of forming a silicon dioxide layer (9) comprising 
the steps of 

5 - providing a semiconductor substrate (1) having at least one 
silicon surface region having a curved surface, 

- roughening the surface of said at least one silicon surface 
region so as to produce a layer of porous silicon, and 

- thermally oxidizing said at least one roughened curved 
10 silicon surface region. 

2. The method of claim 1, wherein said step of roughening the 
surface of said at least one silicon surface region comprises 
the step of producing pores having a diameter of less than' 20 

15 nm in said surface region. f ■ 

3. The method of claim 1 or 2 , wherein said step of roughen- 
ing the surface of said at least one silicon surface region 
comprises the step of etching said surface region. 

2 0 

4. The method of any of claims 1 to 3 , further comprising the 
step of covering the surface regions which are not to be oxi- 
dized with a silicon nitride layer (12) before roughening the 
surface of said at least one silicon surface region. 

25 

5. The method of any of claims 1 to 4 , wherein said step of 
thermally oxidizing said at least one roughened silicon sur- 
face is performed until an oxide layer thickness larger than 
the thickness of said layer of porous silicon is produced. 

30 

6. The method of any of claims 1 to 5, wherein the silicon 
surface region is composed of monocrystalline silicon or is 
composed of polycrystalline silicon. 



35 



7. A method of producing an isolation collar (9) of a storage 
trench capacitor forming part of a memory cell comprising the 
steps of 
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- providing a semiconductor substrate (1) having a trench (5) 
with a curved inner surface of silicon, said trench (5) ex- 
tending vertically with respect to the substrate surface (2), 

- covering the surface regions which are not to be oxidized 
5 with a silicon nitride layer (12), 

- roughening the surface of said curved silicon surface re- 
gion so as to produce a layer of porous silicon, and 

- thermally oxidizing said roughened curved silicon surface 
region. 

10 

8. The method of claim 7, wherein said step of roughening the 
surface of said curved silicon surface region comprises the 
step of etching said surface region. 

15 9. The method of claim 7 or 8 , wherein said step of roughen- 
ing the surface of said curved silicon surface region com- 
prises the step of producing pores having a diameter of less 
than 20 nm in said surface region. 

20 10. The method of any of claims 7 to 9, wherein said step of 
thermally oxidizing said at least one roughened curved sili- 
con surface region is performed until a oxide layer thickness 
larger than the thickness of said layer of porous silicon is 
produced. 
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Abstract 



A Method of Forming a Silicon Dioxide Layer 

5 The present invention refers to a method of forming a silicon 
dioxide layer by thermally oxidizing at least one monocrys- 
talline silicon surface region on a semiconductor substrate, 
said silicon surface region having a curved surface. The pre- 
sent invention is advantageously applicable for the formation 
10 of the collar region in the upper part of the trench of a 
DRAM (Dynamic Random Acess Memory) cell . 

The method comprises the steps of providing a semiconductor^ 
substrate (1) having at least one monocrystalline silicon : 
15 surface region having a curved surface, roughening the sur- 
face of said at least one monocrystalline silicon surface re- 
gion so as to produce a layer of porous silicon, and 
thermally oxidizing (9) said at least one roughened monocrys- 
talline silicon surface . 

20 

Figure 2 
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